Relativistic Boltzmann equation

POy falZ,p; 1)

a3
Z Z /H 27 32’?2bEb b (T, b 1)

m bl bQ,

pcj
Z Z /H 27T 32E m_*”|2

n Ci1,C2,

q=1 r=1
C2+2)+C2<1)+C(1—1,2,3,---,

ea=pnm, K p A AN Y Y™ ..
All particles from Particle Data Book.

e hadronic cross sections
e space time picture (formation time..)

3
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Hadronic Cross Sections in JAM

Uel(S) + Uch(S) + Uann(s)
+ o: r(s)+os_gr(s) :Resonance
+ o:-5(s)+0s_s(s) :String

Utot(S)

e Resonance productions (absorption)

o r(s) : NN< NA, NN & NA* ...
os_r(s) : TN <A, KN&Y* -

e String formation.

oi—s(s) : NN < String + String,
os_s(s) : mN < String

e Eikonal formalism for pQCD:HIJING

ois(s) = 2 | " 11— exp(x(b, 9))].

(Ujet(s) + Osoft(s)) A(b, S).

N |

x(b, s) =

3



Simulation procedure

1 Initial state: The nucleons are sampled with Fermi distribu-
tion, Fermi momentum py = h(3/272p(r))'/3, and boost

2 Straight line trajectories until they ineract. Z; = z(0), + %t.

3 Collision at closest approach: d < \/csot/m
collision or resonance decay

4 Qutgoing channel selection:

Prob. of elastic=-Z<L
otot

— soft or hard?

— If soft: resonance production or string formation.
string formation (DPM type excitation law),
string fragmentation (Lund string model).

— If hard: Pythia

) :



Hadron Formation Point

constitient formation point

yo-yo formation point

Space-time picture of the motion in a simple q¢ system and how
two breakups of the string result in the production of a hadron.
Ref: A. Bialas and M. Gyulassy, N.P. B291 (1986) 793
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Hard scattering and the associated
branching trees

PROTON /‘{g
;_|’ [ Spectators £

nﬂﬂm . \i\;ﬂ \ ”

\{ LR
ﬁ_i{\ e \ p
J g‘ﬁﬂ‘aﬂ \{T'EWH E{

INITIAL STATE RADIATION

g: on shell (produced partons)

off shell parton with virtuality @ — At ~ [7/()"

K. J. Eskola and X. N. Wan, P. R. D49(1994)1284

f(c FINAL STATE RADIATIO




JAM: resonance production cross sections
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JAM: Total and Elastic cross sections

4 4
10 g | - 3 10 g | E
£ " p cross sections E £ " p cross sections E
30 @ Exp. tot. ] 30 @ Exp. tot. ]
107 & o Exp. el E 10 o Exp.el E
E total 3 E total 3
3 Y elastic 7 3 Y elastic 7
£10 E ——— elastic t-channel - £10 k ——— elastic t-channel -
1] %, i i 2, i
10 3 %ﬁﬁ%—~fi°_°"_u-;-:-3:.:w::; 10 3 QQ"___"T_U@:-:E:.:@::;
o i o i
10 : 10 :
1 2 3 1 2 3
Ecm (GeV) Ecm (GeV)
150 | | | T
K" p cross sections 1 100 | K n cross sections
L. Exp. tot. | X = Exp. tot.
—~ 100 1 T Exp. el. —~ Exp. el.
< i total < total
é L LT MEglk 0 e elaStiC i é F\N s elaStiC
o i 1 © 50
50 — .
I “
O — 5 . .’.“?*r-vh-f----l-' O
10 10 10

Piab (GeV/c) P1ab (GeV/c)




pion production data fitted by JAM

T 30\+ 20—
Pp—ppT [ Pp—pnm i r pn—pnmn

o]

10 - b

e
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pp—opnnn’ | pn—>ppn |

4 \“‘\‘0“747\ LI B 8 L B
[ ppopprinn ] : pp = pn2ntw [ pn—>pnntn ]
AT i j
ST 1 r [
E2r 2r 4 i % 1
o H [
: : I T
1r 1r 2 b
e S s R R
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= r i [
£ o5t - l% :
b L 4
. % | ost .
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Resonance production cross sections are determiend to fit the
pion data.

) 6



T A0 T -
1 pp =+ pp " ] pp—pnr’ - pa— o’
1 1 a
atls 1 20F 1 -
=" [ i, |
1Bl % X 1 1ot ]
=] i ™o i i -
2ri “‘-J\LL 1 10 1'\.“\ 7
l"_—.\—'_I__ Pk ] =
o : : s e g i
2 4 G b 2 4 [ E s
G T T Ifl‘l T T i i 5.,
PP= PR pp— puta’
= 1 4t
i 4
i i R [T e
E-ﬂ 4 _j 5 -" '.:I.L
e - {
B +.F"u4 1, i \H 1 2t
r g H““'E-L+ yiohpa) i ] t
P —~—iF 3 | f T ] ;
I 1 -
¥ 4 1 I
ﬂ_ A i i L 1 3 [ i
3 4 r: gl 4 ; B iy 4 r: 8
4 o I 4 T T ] 3_ T T T T
FP=pPpo T R : pre— pum 2T AT § { pn—pnat o
it 4 s} ] i &f ﬁ ]
. - i ] [
E, "
ale i bt [ | I
Ezr [ ZF t 7 poe l gy "
5 Mol P e e Py
A el e et b B =l
_.'| T “-\.____ r 1 :'.I Bl
/ 4 — |
[} L L L |:| .|__-"...\,__. ] L 3 “: fi 1 1 1
2 q f 8 2 4 [ S 2 4 & ]
10k e T T 1.0 T T v LG iy T T
pp—ppr'ER' R pp—+ pn 3t 2T { | SO0 pn—=pp R n"
| . / \
L [} LY
= ; * ] i | \:Fx g
E a5f TH { st t S ] e | \
€ /‘./TH—.,R t } 5t N
i -\_H__ : 1 FeEih r l:}jlt- u. -\""-\--\-\_ ]
¥ 1 { ]
{ I — { b
el i il L L/.// : L E b
z 4 '] 2 -1 : 4] kS 2 4 *
B 0eV) E.p, (GeY) E o 1Gey)
T — i) T &1 T T — .
w_pnqﬂ'}; JiE M+ X Itm—p,l;"q-;l; :r.;._.k;-.‘_:{ ;
1 3 gL 1
.mE sl li |
B 1 amf . | i i
B e { al i
[ } ik E e . |
0} ] ) 2 E : i
i e o ' 1
AT T e b 0 e B T O G B TR LU LR A d G e R M e e e R S S 1
4 . . - % : : . o i
R+ N M=t A X I._.,'ﬁ_n:.-.z'-p.k = g : -[I_.'\-—'hsr-l-.:';. s
'E.| - z =" 1 gk 1 ] 1 '
r ] g 1 a5 - .
B iF ¥ { ozl - A | |
: | ] e _ ;
[}
wt b i v . i : : ; | ¥ '
oy 1 f B o M F] ] [T R F] ) ] 1o 005 1 ) i i
L (52VS Foe (30N L (VY E,.. (%]




L Modeling low energy m~ p cross sections '

T P Cross sections

]-OO : d [ T T T T
- total .
I ———total s-channel
ﬁlﬂﬁ[iﬁ
I —  — elastic s-channe]
= L ———— e]astic t-channell
= o A = chiarge exe
fo—
O i
0
1 2 3

R = N(1440) ~ N({1990), A(1232) ~ A(1950)
e s-channel inelastic:
7~ p — Resonance (string)
e t-channel inelastic:
7w~ p — Resonance (string) + Resonance (string)
e clastic:
s-channel: #7p — R — w~p, t-channel:m™p — 77 p
e charge exchange:

s-channel: 7=p — R — 7n'n
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mRapidity}transverse distributions for p-+p

collision at AGS energies
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UA] charged hadrons
3 JAM =
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proton distributions
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Negative pion distributions
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D7Au + P7Au at 11.6AGeV/c
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S(200AGeV) + S b<1.08 fm
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JAM calculaton of rapidity spectra

JAM, Pb+Pb at SPS b<3.2fm

JAM, Pb+PDb at SPS b<3.2fm, No hadronic final interactions.
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JAM calc. of p, spectra for Pb(158GeV)+Pb

Pb(158AGeV)+Pb b<3.2fm
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JAM calc. of p, spectra for Pb(158GeV)+Pb
,No hadronic final state ineractions.

Pb(158AGeV)+Pb b<3.2fm
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JAM:rapidity dist. for RHIC

40 Au+Au (\/ 200AGeV) central

p-p
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1000 71—
Charged particles

dN/dy

500

e Transport model based on hadron degree of freedom (JAM)
e hadronic resonances + strings + hard scattering

e No parton-parton collisions.
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particles

S+S at RHIC
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Au(11.6GeV/c)+Au

Au(25GeV/c)+Au

Pb(1586GeV/c)+Pb
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d+d quarks
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Au+Au at RHIC from VNI
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p+p at /s = 200GeV from VNI, 7
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p+p at v/s = 200GeV from VNI, K factor
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VNI calculaton of p, spectra for Pb(158GeV)+Pb)

IIII|_I T | T 1T | T 1T 10 | I-l | L | L
10 PP —22<«y<2.4]

~V R L 24<y<2.6]
> T, ——2.6<y<2.8| >
O B O
9 ) 9
RS 1 2
| |
o 1 e
FOQ FOQ
z 1 z
= 4 =
) )
£ M| £

10 _I 1 1 1 | 1111 | [ L |VH H I I | | I I | | | L

0 1 2 3 4 0 1 2 3
p (GeV/c) p (GeV/c)




Cluster formation processes in the parton

cascade model
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The components of the parton cascade

model

a) initial state
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number of on-shell partons

VNI, Pb+Pb at SPS b=2.0fm
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Baryon + Baryon collisions
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